The phytoremediation employs the use of plants and is rapidly gaining interest due to effective and inexpensive cleanup of wastewater contaminated with metals, hydrocarbons, pesticides and chlorinated solvents. This study compares the performance of the Typha domingensis and Pontederia parviflora under similar conditions, in the absorption of trivalent chrome. The determination of the absorption capacity of the species was set in four tests of survival. The aquatic macrophytes were maintained in solution of 1.5L with concentration of trivalent chromium of 70mg.L.
INTRODUCTION
The use of substances containing metals in their composition increases every year, mainly industrial effluents. These metals persist in the environmental for a long time and they are among the major environmental contaminants in detriment to human and animal health [1, 2] . The search for techniques to recover degraded areas is growing in different economic and scientific sectors.
Phytoremediation is an environment technology that uses plants to remove metals or organics elements of the environment. It has attracted continuing research and commercial interest worldwide. When used under appropriate conditions, this plant-based technology may have significant economic and technical advantages over traditional remediation techniques such as chemical fixation [3] . This technique employs the use of plants and it is rapidly gaining interest due to effective and inexpensive cleanup of wastewater contaminated with metals, hydrocarbons, pesticides and chlorinated solvents [4, 5] . During development their, the plants absorb and concentrate the metals in their roots and shoots. As they become saturated with the metal contaminants, roots or whole plants are harvested for disposal. Two approaches have been proposed in using plants to extract metals: first, the use of plants *Address correspondence to this author a the Via Rosalina Maria dos Santos, 1233 Campo Mourão, Paraná, Brasil; Tel: 87301 899; E-mail: dcsouza@utfpr.edu.br with extraordinary ability to accumulate the contaminant, known as hyperaccumulators, and second, the use of tolerant plants [6] .
The soils are contaminated by various types of metals, Cr, Zn, Cd, Pb, among others. Tolerant species accumulate in the tissues just one metal or survive for a short time. However, it is applicable only to those sites containing low to moderate levels of metal pollution, because plant growth does not sustain in heavily polluted sites. The hyperaccumulator species retreat and keep in their tissues all metals.
This species can unusually accumulate high concentrations of metals to levels, which far exceed and the found in the environment; application of these species to remove metal from a contaminated site is termed phytoextraction. The degree of accumulation of metals such as Ni, Zn and Cu can exceed 1% of the dry weight of the biomass [7] . The ability to absorb metals makes them interesting research candidates, especially for the treatment of industrial effluents and sewage water [8] . Several plants species, such as Pistia stratiotes [9] , Nynphaea spontanea [10] , Myriophyllum aquaticum, Ludwigia palustris, Mentha aquatic [11] , etc., have been studied to determine their potential to accumulate metals.
The species to be employed in this type of treatment should have characteristics that allow the plants to develop under different environmental conditions. Therefore, the study of species with phytoextraction capacity is very important. Typha domingesis L. and Pontederia parviflora Alexander have high absorption capacity of organic substances and metals [12] . In this context, this study compares the performance of the two species under similar conditions, in the absorption of chromium.
METHODOLOGY
The determination of the absorption capacity of the species (T. domingensis and P. parviflora) was set in four tests of survival, in triplicate. The systems contained 5L of solution. The concentrations of trivalent chromium tested were 40mg.L .The species were observed for 168 hours, in order to checking for changes in leaves and stems that indicate the onset of the senescence process. As these are qualitative characteristics these data were analyzed only to establish the resilience. The highest concentration supported was used in the study of bioaccumulation. Samples of the plants survives were evaluated by atomic absorption spectrophotometry [13] . During the period of this experiment there weren't climates changes and the temperature remained at around 25 ° C [14] .
Afterwards, in the second experiment, three systems with T. domingensis and three systems with P. parviflora were set. The aquatic macrophytes were maintained in sand and day lighting. The solution contained 1.5L with concentration of trivalent chrome of 70mg.L. -1 , based in the survival tests. T. domingensis survived for 72 hours in the last experiment, so the detention time was 72h. Samples of the solution, leaves and roots of the plants were evaluated by atomic absorption spectrophotometry [13] for assess the bioaccumulation. The pH was determined daily with potentiometer and the environmental temperature variations were controlled daily with maximum and minimum thermometer. The nearest weather station to the experimental site was consulted [14] .
The bioconcentration factor provides an index of the ability of plant to accumulate metals with respect to metal concentration in the substrate. The bioconcentration factor (BCF) was calculated as the ratio of trace element concentration in plant tissues at harvest to the concentration of element in the external environment [15] . The BCF was calculated by using the formula BCF = P/E where, P is the trace element concentration in plant tissues, E is the residual concentration in water or sediment.
The Percent removal efficiency (PRE) was calculated by the following formula: PRE = (inlet pollutants-outlet pollutants/inlet pollutants)*100
Data from this experiment were tested in R program for statistical analysis. ANOVA and Tukey test were used at the significance level of 95%. Differences between the metal accumulation capacity in tissues was tested by the Student's t-test. The normality checked by Levene test, based in homogeneity of variance.
RESULTS AND DISCUSSION
In the first experiment T. domingensis did not survive for more than 72 hours at concentrations of 40, 70, 100 and 130 mgL -1 of trivalent chromium. P. parviflora survived until the end of the experiment showing in the last hours stained sheets with black substance release, in the highest concentrations. The chromium concentration in P. parviflora was around 900 mg/kg after 168 hours, in all concentrations.
T. domingensis systems showed death of most of the specimens after the third day of exposure to concentrations higher than70mgL -1 of chromium. This indicates that T. domingensis is susceptible to this metal, it is capable of absorbing but has low resistance. P. parviflora, under the same conditions, showed good strength, resulting in no-yellow leaves and the onset of necrosis in any of the tested concentrations. Rather, after three days, the species exhibited efficient adaptation to the environment, resulting in the emergence of new leaves and shoots.
Although, T. domingensis in the concentration of 70mg -1 of chromium presented low development, with little formation of leaves and signs of necrosis in the leaf blade, it proved to be the best concentration for the development of experiment of accumulation.
Growth changes are often the first and most obvious reactions of plants under heavy metals stress. Some of the macroscopic consequences of exposure to toxic levels of heavy metals include reduced plant growth (of both roots and above-ground parts), leaf chlorosis and necrosis, turgor loss, decrease in seed germination rate and plant death [16] [17] [18] .
Plant tolerance to a particular metal is controlled by an interrelated network of physiological and molecular mechanisms. The apparent tolerance to increasing levels of toxic elements may result from the exclusion or the metabolic tolerance of plants to specific ele-ments [19, 20] . External factors, such as temperature and light, influence not only growth but also metal uptake [21] .
In this second study, the adverse environmental conditions observed were low temperature and acidic pH. From the results obtained, the pH of the systems remained close to 3.4 and the minimum recorded temperature was -2 °C [14] . These conditions apparently did not prevent the plants to absorb the metal, in T. domingensis the last concentration of chromium was 85% and 60% in P. parviflora ( Table 1) .
High levels of Cr were found in roots of T. domingensis ( Table 1 ), indicating that the plants have difficulties to translocated Cr from the roots to shoots. Some authors suggested that translocation to the shoot could only increase when the chelator dimercapto succinate is added to the hydroponic solution [22, 23] , however one must consider the impossibility of adding chelators on systems with large amounts of wastewater to be treated.
The concentration of Cr in P. parviflora was high in shoots ( Table 1 ), but the BCF was similar between roots and shoots. This capacity to transport metals from the roots to shoots is a very important strategy for plant survival, ensuring greater tolerance to metal. The high metal tolerance may be partially associated with the highly efficient intracellular compartmentalization. The uptake of metals requires their transport across the root cell membrane to the symplast [24] .
The one-way ANOVA showed interesting results regarding the absorption capacity of the plants (F = 177 and P = 0.000). Initially, in both cases, there was a significant difference in the concentrations of chromium in the solution before and after treatment (Q= 6.7 and P=0.0006). However, no significant difference between treatment with T. domingensis and P. parviflora by the Tukey's test Q = -1.5903, P = 0.1429 (Figure 1 ). The increase in metal concentration in the tissues of species was significant with Q = 11.198; P = 0.000 in P. parviflora and Q = 2.4; P = 0.037 in T. domingensis. Despite the higher concentration of this metal in T. domingensis, the difference between before and after treatment was highly significant for P. parviflora (Figure  2A and B) . Although T. domingensis has absorbed greater amount of this metal, this absorption was not uniform among individuals in the treatment. The standard deviations presented by the systems, after 72 hours of experiment, make clear that each individual has different absorption capacity ( Table 1) . P. parviflora, in a seven-day-absorption of Cu experiment indicated that this species accumulated higher amounts of this metal in roots than in aerial parts [25] . The strategy immobilizing the metal in roots is a way of exclusion of the metal toxicity about metabolism plant. Immobilization of metals in roots is an exclusion mechanism exhibited by plants for metal toxicity tolerance.
The ability to translocate metal from roots to leaves indicates activity of phytochelatins and place the plant in the group of phytoextration. This should be happening with chromium absorbed by P. parviflora. The decrease in the metal concentration can be caused by an absorption process that involves transport across the biological membrane and the internal accumulation of the metal. This response is a defensive strategy of the plant, which develops an intracellular mechanism of metal complexation with specific proteins or sequestration into the vacuole [26] .
Considering the results of accumulation and the survival of species in the two experiments, it was estimated that P. parviflora would require about 8 days for the entire removel of metal from the solution. T. domingensis would require about another 4 days to remove all metals. According to the survival experiment, P. parviflora could stand this period apparently without losses in its development for 7 days, and even at higher concentrations, it showed formation of reproductive structures. In turn, T. domingensis probably doesn't endure more days of exposure, because in the first experiment it survived only 3 days. For rooted plants, partitioning of metals between roots and shoots becomes an important factor to consider them suitable for phytoextration purpose [27] .
The different forms of metal accumulation in plant tissue are determinant of the appropriate measures of use of the species. Plants to be used for phytoextration should have: tolerance to high concentrations of metals, high metal-accumulation capability, heavy biomass, ability to grow fast and a profuse root system [28] . These characteristics determine the best conditions for use of each species and determine the best management techniques of contaminated crops. The most common management is the complete cut of the plant close to the ground, which aims at removing the excess of metals retained in the leaf and prevent returning to the environment. It also aims to stimulate plant growth and thus increase the accumulation of metals.
CONCLUSION
The two species have the characteristics necessary for phytoremediation: profuse root system, heavy biomass and ability to grow fast. But, P. parviflora fared better as the accumulation capacity. Evaluation of survival demonstrated that P. parviflora is more resistant than T. domingensis and it resisted at higher metal concentrations. Even though the highest BCF is of the T. domingensis, the ability to store the metal in P. parviflora is the best strategy.
Changes in the amounts of metals in plants have been significant, and again P. parviflora had the largest difference accumulated between roots and in shoots. Thereby, our findings indicate P. parviflora for treatment of wastewater with high concentrations of chrome and T. domingensis has its use limited in this type of treatment.
Research to elucidate the mechanisms of innate metal tolerance in P. parviflora and establish activity of phytochelatins is necessary. These studies will allowed to establish more precisely the types of contaminants that this species can accumulate. 
